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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable ensuring device isolation by 
planarizing an embedded oxide film in a device isolation region and 
preventing etching residue at embedded gate wiring forming, in a method 
for forming embedded gate wiring. 

SOLUTION: After a trench for shallow trench isolation A has been formed 
on a semiconductor substrate 1, a silicon oxide film is formed and then 
only a silicon oxide film 7 is left in the trench A by filling a silicon oxide 
film in the trench A and polishing it. Next, after a thermal oxide film 8 and 
a silicon nitride film 9 have been sequentially deposited on the 
semiconductor substrate 1, an aperture B is opened on the silicon nitride 
film 9 for a gate electrode forming region and then a polysilicon film 11 is 
formed so as to embed the aperture B. Subsequently, the polysilicon film 
1 1 is polished until the silicon nitride film 9 is exposed, a gate electrode 
made of the polysilicon film 1 1 is formed in the aperture B, and then the 
silicon nitride film 9 is removed. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a semiconductor device characterized by comprising the following. 

The 1st process of depositing the 1st oxide film on said semiconductor substrate so that said Mizouchi may be 

embedded after forming a slot in a semiconductor substrate. 

The 2nd process of grinding said 1 st oxide film until said semiconductor substrate surface is exposed. 

The 3rd process of forming an opening in said nitride by patterning said nitride after forming the 2nd oxide film and 

a nitride one by one on said semiconductor substrate. 

The 4th process of giving thermal oxidation to said semiconductor substrate and forming an oxidizing film in said 
semiconductor substrate surface under said opening, the 5th process of forming a silicon film all over said 
semiconductor substrate top so that said opening may be embedded, and the 6th process of grinding said silicon 
film until said nitride is exposed. 

[Claim 2] A manufacturing method of a semiconductor device characterized by comprising the following. 
The 1st process of depositing an oxide film on said semiconductor substrate so that said Mizouchi may be 
embedded after forming a slot in a semiconductor substrate. 

The 2nd process of giving thermal oxidation to said semiconductor substrate and forming an oxidizing film in said 

semiconductor substrate surface under said opening after forming an opening in said oxide film. 

The 3rd process of forming a silicon film on said semiconductor substrate so that inside of said opening may be 

embedded. 

The 4th process of grinding said silicon film until said oxide film is exposed. 

[Claim 3]A manufacturing method of a semiconductor device providing further the 7th process of removing said 
nitride in a manufacturing method of the semiconductor device according to claim 1 by wet etching which used a 
heat phosphoric acid solution after said 6th process. 

[Claim 4]A manufacturing method of a semiconductor device, wherein said 4th process includes a process of 
grinding said oxide film and carrying out flattening of said oxide film surface, in a manufacturing method of the 
semiconductor device according to claim 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the formation method of the gate wire of a MOS 

transistor about the manufacturing method of a semiconductor device. 

[0002] 

[Description of the Prior Art]About the formation method of the conventional gate wire, it is indicated by JP.6- 
29530.A, JP.7-240519.A, etc., for example. The field oxide by LOCOS process is used for the isolation region of 
said prior patent 

[0003]In order to form a detailed gate wire in said JP.7-24051 9,A, after forming the field oxide for isolation in a 
semiconductor substrate, an oxidizing film is formed in an element active region by a thermal oxidation method, 
and the silicon nitride film is formed on this oxidizing film. 

[0004] Next, an opening is formed in the resist film of the field which applies photoresist on said silicon nitride film, 
next forms a gate electrode. Then, the silicon nitride film and oxidizing film under said opening are etched one by 
one by using photoresist as a mask, and the silicon nitride film under an opening and silicon oxide are removed. 
[0005] Next, after forming an oxidizing film in the semiconductor substrate surface under an opening and forming a 
polycrystalline silicon film on this oxidizing film by giving thermal oxidation to a semiconductor substrate after 
removing a photoresist film, whole surface etchback of this polycrystalline silicon film is carried out. This etchback 
removes thoroughly the polycrystalline silicon film formed on the silicon nitride film, and makes a polycrystalline 
silicon film remain only in an opening. This polycrystalline silicon film serves as a gate electrode. Then, etchback of 
the silicon nitride film is carried out, and it is removed. After an appropriate time, a gate electrode is used as a 
mask, an ion implantation is carried out, and a source drain area is formed in the surface of the semiconductor 
substrate of gate electrode both sides. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the formation method of the gate wire using the isolation 
technique by the conventional LOCOS process. The silicon nitride film and oxidizing film under said opening are 
etched one by one by using photoresist as a mask, Even after removing the silicon nitride film under an opening, 
and silicon oxide, it is easy to produce the etching residue of a silicon nitride film in the border area (LOCOS step 
part) of an element activity (active) field and an isolation (field) field. The more the level difference of an active 
region and an isolation region is large, the more a silicon nitride film remains easily. 

[0007]This is because an anisotropic-dry-etching method must be used in order to raise working shape and 
dimensional accuracy, when etching a silicon nitride film. Then, if the amount of over etching is increased in order 
to prevent the etching residue of a silicon nitride film, the field oxide itself formed with LOCOS process will be 
etched, and the LOCOS thickness directly under a gate wire will become thinner than predetermined thickness. As 
a result, the threshold of a parasitic transistor is reduced and the problem of stopping being able to carry out 
isolation electrically arises. 

[0008] The purpose of this invention aims at preventing the etch residue at the time of embedding gate wire 
formation, and enabling it to perform isolation certainly by [ of the embedded oxide film of an isolation region ] 
carrying out flattening in an embedding gate wire formation method. 
[0009] 

[Means for Solving the Problem] A manufacturing method of the 1st semiconductor device of this invention is 
provided with the following. 

The 1st process of depositing the 1st oxide film on said semiconductor substrate so that said Mizouchi may be 
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embedded after forming a slot in a semiconductor substrate. 

The 2nd process of grinding said 1st oxide film until said semiconductor substrate surface is exposed. 

The 3rd process of forming an opening in said nitride by patterning said nitride after forming the 2nd oxide film and 

a nitride one by one on said semiconductor substrate. 

The 4th process of giving thermal oxidation to said semiconductor substrate and forming an oxidizing film in said 
semiconductor substrate surface under said opening, the 5th process of forming a silicon film all over said 
semiconductor substrate top so that said opening may be embedded, and the 6th process of grinding said silicon 
film until said nitride is exposed. 

[0010] A manufacturing method of the 1st semiconductor device of this invention possesses further the 7th 
process of removing said nitride by wet etching which used a heat phosphoric acid solution after said 6th process. 
[001 1]A manufacturing method of the 2nd semiconductor device of this invention is provided with the following. 
The 1st process of depositing an oxide film on said semiconductor substrate so that said Mizouchi may be 
embedded after forming a slot in a semiconductor substrate. 

The 2nd process of giving thermal oxidation to said semiconductor substrate and forming an oxidizing film in said 

semiconductor substrate surface under said opening after forming an opening in said oxide film. 

The 3rd process of forming a silicon film on said semiconductor substrate so that inside of said opening may be 

embedded. 

The 4th process of grinding said silicon film until said oxide film is exposed. 

[001 2] A manufacturing method of the 2nd semiconductor device of this invention possesses a process to which 

said 4th process grinds said oxide film, and carries out flattening of said oxide film surface. 

[0013] 

[Embodiment of the Invention] Below, the manufacturing method of the semiconductor device concerning a 1st 

embodiment of this invention is concretely explained based on drawing 1 (a) - (d) and drawing 2 (a) - (d). These 

drawing 1 (a) - (d) and drawing 2 (a) - (d) is manufacturing process drawings of longitudinal section showing the 

manufacturing method of the semiconductor device concerning a 1 st embodiment of this invention. 

[00 14] As shown in drawing 1 (a), after forming the 4-micrometer p type well 2 and the n type well 3, it forms in the 

P type silicon semiconductor substrate 1, and the 50-nm-thick oxidizing film 4 is formed on the depth 3 - the 

semiconductor substrate 1 from a surface. After applying the resist 5 on this oxidizing film 4, this resist 5 is 

patterned. This patterning is patterning for forming a STI (shanowtrench isolation) isolation region. 

[0015]Next, as shown in drawing 1 (b). the 0.3-0.5-micrometer-deep slot A is formed in the semiconductor 

substrate 1 from the semiconductor substrate 1 surface by etching the oxidizing film 4 and the semiconductor 

substrate 1 which were formed in the isolation region one by one by using resist 5 as a mask. 

[0016]Next, as shown in drawing 1 (c), after removing the resist 5, thermal oxidation is given to the semiconductor 

substrate 1, and after forming the oxidizing film which is not illustrated in the slot A, the oxide film 6 about 1 

micrometer thick is further formed on this oxidizing film that is not illustrated with a vacuum CVD method. 

[001 7] Next by a chemical-and-mechanical-grinding (CMP) method, as shown in drawing 1 (d), the silicon oxide 6 

is ground until the p type well 2 and the n type well 3 of the semiconductor substrate 1 are exposed. The element 

isolation structure 7 which makes the silicon oxide 6 remain and consists of the silicon oxide 6 only in the slot A 

by this polish is formed. 

[0018]Next, as shown in drawing 2 (a), thermal oxidation is given to the semiconductor substrate 1 surface, and 
the oxidizing film 8 about 50 nm thick is formed in the semiconductor substrate 1 surface. Then, the silicon nitride 
film 9 about 300 nm thick is deposited on the oxidizing film 8 with a vacuum CVD method. Next, pattern formation 
of the silicon nitride film 9 is carried out with photolithography technique and etching technology. That is, it is the 
process of forming the opening B for gate wire 12 mentioned later. 

[0019]Next, as shown in drawing 2 (b), point ** of the oxidizing film 8 formed in the field which removed the silicon 
nitride film 9 is carried out, and it is removed. Then, thermal oxidation is given to the semiconductor substrate 1 
and the about 6-10-nm-thick gate oxide 10 is formed in semiconductor substrate 1 surface of a field which 
removed the oxidizing film 8. Then, the polycrystalline silicon film 1 1 about 0.5 micrometer thick is deposited with a 
vacuum CVD method on the semiconductor substrate 1 including the gate oxide 10 top. Next, phosphorus (p) is 
introduced into said polycrystalline silicon film 11, and conductivity is given. 

[0020] Next, by the CMP method, as shown in drawing 2 ( c). the gate wire 12 which consists of the polycrystalline 
silicon film 1 1 is formed by grinding the polycrystalline silicon film 1 1 until the surface of the silicon nitride film 9 is 
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exposed. That is, it is the process of forming the gate wire 1 2 by making the polycrystalline silicon film 1 1 
remaining only in the opening B. 

[0021jNext, as shown in drawing 2 (d), the wet etching of a heat phosphoric acid solution removes the silicon 
nitride film 9. Then, in order to form the LDD region of a transistor, the ion implantation of phosphorus (P) and the 
boron (B) is carried out to n **CHANERU field and p **CHANERU field, respectively (not shown). 
[0022]Then, after depositing the 200-nm-thick silicon oxide 13 with a vacuum CVD method, the side wall oxide 
film 13 which consists the semiconductor substrate 1 whole surface of the silicon oxide 13 by performing dry 
etching of anisotropy is formed. The source drain area 14 of the transistor of an n-type channel and the source 
drain area 15 of the transistor of a p type channel are formed by performing a publicly known ion implantation and 
heat treatment after that. 

[0023]Next, the manufacturing method of the semiconductor device concerning a 2nd embodiment of this 
invention is explained based on drawing 1 (a) - (c) and drawing 3 (a) - (d). Drawing 3 is manufacturing process 
drawing of longitudinal section showing the manufacturing method of the semiconductor device concerning a 2nd 
embodiment of this invention. After the process shown in drawing 1 f of a 1 st embodiment mentioned above ] (a) - 
(c), as shown in drawing 3 (a), the slot 16 for gate wires is formed with photolithography technique and etching 
technology at the silicon oxide 6. 

[0024]Next, the oxide film 6 of the pars basilaris ossis occipitalis of this slot 16 is washed and removed, as a 
result, this p — the well 2 and n — each bottom of the two slots 16 in which the field of the well 3 was formed 
independently serves as semiconductor substrate 1 surface of the element formation region on the p type well 2 
and the n type well 3. Then, thermal oxidation is given to the semiconductor substrate 1 and the about 6-10-nm- 
thick gate oxide 10 is formed in semiconductor substrate 1 surface of slot 16 pars basilaris ossis occipitalis. 
[0025]Next, as shown in drawing 3 (b). the polycrystalline silicon film 1 1 about 0.5 micrometer thick is deposited 
with a vacuum CVD method on the semiconductor substrate 1 including the gate oxide 10 top. Next, phosphorus 
(p) is introduced into the polycrystalline silicon film 11, and conductivity is given. 

[0026]Then, as shown in drawing 3 (c), the gate wire 12 which consists of the polycrystalline silicon film 11 by the 
CMP method by grinding simultaneously the polycrystalline silicon film 1 1 and the silicon oxide 6 is formed, and 
flattening of the surface of the silicon oxide 6 is carried out. It is made for the thickness of the polycrystalline 
silicon film 1 1 embedded in the slot 1 6 to be set to 0.2-0.4 micrometer. 

[0027]Next, as shown in drawing 3 (d). all over semiconductor substrate 1, by [ of anisotropy ] carrying out dry 
etching, the silicon oxide 6 is made to remain in the slot A, and the element isolation structure 7 which consists of 
the silicon oxide 6 is formed by this etching. Then, in order to form the LDD region of a transistor, the ion 
implantation of phosphorus (P) and the boron (B) is carried out to n **CHANERU field and p **CHANERU field, 
respectively (not shown). 

[0028]Then, after depositing the 200-nm-thick silicon oxide 13 with a vacuum CVD method, the side wall oxide 
film 13 which consists of the silicon oxide 13 is formed by performing dry etching of anisotropy all over 
semiconductor substrate 1. 

[0029]The source drain area 14 of the transistor of an n-type channel and the source drain area 15 of the 
transistor of a p type channel are formed by performing a publicly known ion implantation and heat treatment after 
that. 

[0030]After the manufacturing method of the semiconductor device concerning a 1st embodiment of this invention 
forms the shallow slot A for trench isolation in the semiconductor substrate 1 , it forms the silicon oxide 6 all over 
semiconductor substrate 1, and is filled up with the silicon oxide 6 in the slot A. 

[0031]Then, the silicon oxide 6 is ground with chemical machinery grinding method (CMP). This polish is performed 
until the surface of the semiconductor substrate 1 is exposed, and it makes the silicon oxide 7 remain only in the 
slot A. 

[0032]Then, after forming the opening B in the silicon nitride film 9 which serves as a formation area of a gate 
electrode after depositing the oxidizing film 8 and the silicon nitride film 9 one by one on the semiconductor 
substrate 1 and giving thermal oxidation all over semiconductor substrate 1, the polycrystalline silicon film 11 is 
deposited so that the opening B may be embedded. Next, by the CMP method, the polycrystalline silicon film 1 1 is 
ground until the silicon nitride film 9 is exposed, and gate electrode 12 shape which consists of the polycrystalline 
silicon film 1 1 is formed in the opening B. 

[0033] By removing the silicon nitride film 9 by the wet etching method using a heat phosphoric acid solution after 
an appropriate time, Since there are no problems, such as an etch residue of the silicon nitride film in the step 
part of the element active region (active region) and field region like before, by using the shallow trench separation 
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method for the isolation technique, the etching residue at the time of Oba etching of a silicon nitride film does not 
arise. Therefore, the threshold of the Field transistor formed parasitically is not reduced. Variation in gate wire 
width is not produced and abnormalities, such as vena contracta of sectional shape or a taper, are not produced 
either. 

[0034]The manufacturing method of the semiconductor device concerning a 2nd embodiment forms the slot used 
as a shallow trench separation layer in the semiconductor substrate 1. The silicon oxide 6 is formed all over 
semiconductor substrate 1, and Mizouchi is filled up with the silicon oxide 6. The slot 16 for gate wires is formed in 
the silicon oxide 6 with photolithography technique and etching technology. Then, the oxide film 6 of said slot 16 
pars basilaris ossis occipitalis is washed and removed. 

[0035]After forming the gate oxide 10 in semiconductor substrate 1 surface of slot 16 pars basilaris ossis 
occipitalis by giving thermal oxidation to the semiconductor substrate 1, the polycrystalline silicon film 1 1 is 
deposited so that an opening may be embedded. Next, by the CMP method, the polycrystalline silicon film 1 1 is 
ground until the silicon oxide 6 is exposed, and gate electrode 12 shape which consists of the polycrystalline 
silicon film 1 1 is formed in an opening. Then, the element isolation structure 7 which consists of the silicon oxide 6 
is formed by carrying out etchback of the silicon oxide. Next, the etching residue at the time of Oba etching of a 
silicon nitride film does not arise by using the shallow trench separation method for the isolation technique. 
[0036]Therefore, the threshold of the Field transistor formed parasitically is not reduced. The variation in gate wire 
width does not arise and abnormalities, such as vena contracta of sectional shape or a taper, are not produced, 
either. Since an embedding gate wire is formed and the element isolation structure 7 is formed using the silicon 
[0037] 6, ^ beC ° meS possib,e t0 sim Plify the manufacturing process number of embedding gate wire formation. 

[Effect of the Invention]As explained above, according to this invention, in embedding gate wire formation, it 
becomes possible by carrying out flattening of the trench type embedded oxide film to lose the wiring short by 
wiring etching residue, and an etching damage, and to form a gate wire with sufficient dimensional accuracy. 
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TECHNICAL FIELD 



[Field of the Invention]Especially this invention relates to the formation method of the gate wire of a MOS 
transistor about the manufacturing method of a semiconductor device. 



[Translation done.] 



rage I ot 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior ArtjAbout the formation method of the conventional gate wire, it is indicated by JP.6- 
29530.A, JP,7-240519,A, etc., for example. The field oxide by LOCOS process is used for the isolation region of 
said prior patent 

[0003]In order to form a detailed gate wire in said JP.7-24051 9,A, after forming the field oxide for isolation in a 
semiconductor substrate, an oxidizing film is formed in an element active region by a thermal oxidation method, 
and the silicon nitride film is formed on this oxidizing film. 

[0004] Next, an opening is formed in the resist film of the field which applies photoresist on said silicon nitride film, 
next forms a gate electrode. Then, the silicon nitride film and oxidizing film under said opening are etched one by 
one by using photoresist as a mask, and the silicon nitride film under an opening and silicon oxide are removed. 
[0005] Next, after forming an oxidizing film in the semiconductor substrate surface under an opening and forming a 
polycrystalline silicon film on this oxidizing film by giving thermal oxidation to a semiconductor substrate after 
removing a photoresist film, whole surface etchback of this polycrystalline silicon film is carried out. This etchback 
removes thoroughly the polycrystalline silicon film formed on the silicon nitride film, and makes a polycrystalline 
silicon film remain only in an opening. This polycrystalline silicon film serves as a gate electrode. Then, etchback of 
the silicon nitride film is carried out, and it is removed. After an appropriate time, a gate electrode is used as a 
mask, an ion implantation is carried out, and a source drain area is formed in the surface of the semiconductor 
substrate of gate electrode both sides. 
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EFFECT OF THE INVENTION 



[Effect of the InventionjAs explained above, in this invention, flattening of the trench type embedded oxide film is 
carried out in embedding gate wire formation. 

Therefore, it becomes possible to lose the wiring short by wiring etching residue, and an etching damage, and to 
form a gate wire with sufficient dimensional accuracy. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the formation method of the gate wire using the isolation 
technique by the conventional LOCOS process. The silicon nitride film and oxidizing film under said opening are 
etched one by one by using photoresist as a mask, Even after removing the silicon nitride film under an opening, 
and silicon oxide, it is easy to produce the etching residue of a silicon nitride film in the border area (LOCOS step 
part) of an element activity (active) field and an isolation (field) field. The more the level difference of an active 
region and an isolation region is large, the more a silicon nitride film remains easily. 

[0007]This is because an anisotropic-dry-etching method must be used in order to raise working shape and 
dimensional accuracy, when etching a silicon nitride film. Then, if the amount of over etching is increased in order 
to prevent the etching residue of a silicon nitride film, the field oxide itself formed with LOCOS process will be 
etched, and the LOCOS thickness directly under a gate wire will become thinner than predetermined thickness. As 
a result, the threshold of a parasitic transistor is reduced and the problem of stopping being able to carry out 
isolation electrically arises. 

[0008]The purpose of this invention aims at preventing the etch residue at the time of embedding gate wire 
formation, and enabling it to perform isolation certainly by [ of the embedded oxide film of an isolation region ] 
carrying out flattening in an embedding gate wire formation method. 
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MEANS 



[Means for Solving the Problem]A manufacturing method of the 1st semiconductor device of this invention is 
provided with the following. 

The 1 st process of depositing the 1 st oxide film on said semiconductor substrate so that said Mizouchi may be 
embedded after forming a slot in a semiconductor substrate. 

The 2nd process of grinding said 1st oxide film until said semiconductor substrate surface is exposed. 

The 3rd process of forming an opening in said nitride by patterning said nitride after forming the 2nd oxide film and 

a nitride one by one on said semiconductor substrate. 

The 4th process of giving thermal oxidation to said semiconductor substrate and forming an oxidizing film in said 
semiconductor substrate surface under said opening, the 5th process of forming a silicon film all over said 
semiconductor substrate top so that said opening may be embedded, and the 6th process of grinding said silicon 
film until said nitride is exposed. 

[0010] A manufacturing method of the 1st semiconductor device of this invention possesses further the 7th 
process of removing said nitride by wet etching which used a heat phosphoric acid solution after said 6th process. 
[001 1]A manufacturing method of the 2nd semiconductor device of this invention is provided with the following. 
The 1st process of depositing an oxide film on said semiconductor substrate so that said Mizouchi may be 
embedded after forming a slot in a semiconductor substrate. 

The 2nd process of giving thermal oxidation to said semiconductor substrate and forming an oxidizing film in said 

semiconductor substrate surface under said opening after forming an opening in said oxide film. 

The 3rd process of forming a silicon film on said semiconductor substrate so that inside of said opening may be 

embedded. 

The 4th process of grinding said silicon film until said oxide film is exposed. 

[001 2] A manufacturing method of the 2nd semiconductor device of this invention possesses a process to which 

said 4th process grinds said oxide film, and carries out flattening of said oxide film surface. 

[0013] 

[Embodiment of the Invention] Below, the manufacturing method of the semiconductor device concerning a 1st 

embodiment of this invention is concretely explained based on drawing 1 (a) - (d) and drawing 2 {a) - (d). These 

drawing 1 (a) - (d) and drawing 2 (a) - (d) is manufacturing process drawings of longitudinal section showing the 

manufacturing method of the semiconductor device concerning a 1st embodiment of this invention. 

[001 4] As shown in drawing 1 (a), after forming the 4-micrometer p type well 2 and the n type well 3, it forms in the 

P type silicon semiconductor substrate 1, and the 50-nm-thick oxidizing film 4 is formed on the depth 3 - the 

semiconductor substrate 1 from a surface. After applying the resist 5 on this oxidizing film 4, this resist 5 is 

patterned. This patterning is patterning for forming a STI (shanowtrench isolation) isolation region. 

[001 5] Next, as shown in djrawingJL(b), the 0.3-0.5-micrometer-deep slot A is formed in the semiconductor 

substrate 1 from the semiconductor substrate 1 surface by etching the oxidizing film 4 and the semiconductor 

substrate 1 which were formed in the isolation region one by one by using resist 5 as a mask. 

[001 6] Next, as shown in drawing 1 (c), after removing the resist 5, thermal oxidation is given to the semiconductor 

substrate 1, and after forming the oxidizing film which is not illustrated in the slot A, the oxide film 6 about 1 

micrometer thick is further formed on this oxidizing film that is not illustrated with a vacuum CVD method. 

[001 7]Next, by a chemical-and-mechanical-grinding (CMP) method, as shown in drawin g 1 (d). the silicon oxide 6 

is ground until the p type well 2 and the n type well 3 of the semiconductor substrate 1 are exposed. The element 
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isolation structure 7 which makes the silicon oxide 6 remain and consists of the silicon oxide 6 only in the slot A 
by this polish is formed. 

[001 8] Next, as shown in drawing 2 (a), thermal oxidation is given to the semiconductor substrate 1 surface, and 
the oxidizing film 8 about 50 nm thick is formed in the semiconductor substrate 1 surface. Then, the silicon nitride 
film 9 about 300 nm thick is deposited on the oxidizing film 8 with a vacuum CVD method. Next, pattern formation 
of the silicon nitride film 9 is carried out with photolithography technique and etching technology. That is, it is the 
process of forming the opening B for gate wire 12 mentioned later. 

[0019]Next, as shown in d rawing 2 _(b), point ** of the oxidizing film 8 formed in the field which removed the silicon 
nitride film 9 is carried out, and it is removed. Then, thermal oxidation is given to the semiconductor substrate 1 
and the about 6-10-nm-thick gate oxide 10 is formed in semiconductor substrate 1 surface of a field which 
removed the oxidizing film 8. Then, the polycrystalline silicon film 1 1 about 0.5 micrometer thick is deposited with a 
vacuum CVD method on the semiconductor substrate 1 including the gate oxide 10 top. Next, phosphorus (p) is 
introduced into said polycrystalline silicon film 11, and conductivity is given. 

[0020]Next, by the CMP method, as shown in drawing 2 (c). the gate wire 12 which consists of the polycrystalline 
silicon film 1 1 is formed by grinding the polycrystalline silicon film 1 1 until the surface of the silicon nitride film 9 is 
exposed. That is, it is the process of forming the gate wire 12 by making the polycrystalline silicon film 1 1 
remaining only in the opening B. 

[0021]Next, as shown in drawing 2 (d), the wet etching of a heat phosphoric acid solution removes the silicon 
nitride film 9. Then, in order to form the LDD region of a transistor, the ion implantation of phosphorus (P) and the 
boron (B) is carried out to n **CHANERU field and p **CHANERU field, respectively (not shown). 
[0022]Then, after depositing the 200-nm-thick silicon oxide 13 with a vacuum CVD method, the side wall oxide 
film 13 which consists the semiconductor substrate 1 whole surface of the silicon oxide 13 by performing dry 
etching of anisotropy is formed. The source drain area 14 of the transistor of an n-type channel and the source 
drain area 15 of the transistor of a p type channel are formed by performing a publicly known ion implantation and 
heat treatment after that. 

[0023] Next, the manufacturing method of the semiconductor device concerning a 2nd embodiment of this 
invention is explained based on drawing 1 (a) - (c) and drawing 3 (a) - (d). Drawing 3 is manufacturing process 
drawing of longitudinal section showing the manufacturing method of the semiconductor device concerning a 2nd 
embodiment of this invention. After the process shown in drawing 1 [ of a 1st embodiment mentioned above ] (a) - 
(c), as shown in drawing 3_(a), the slot 16 for gate wires is formed with photolithography technique and etching 
technology at the silicon oxide 6. 

[0024] Next, the oxide film 6 of the pars basilaris ossis occipitalis of this slot 16 is washed and removed, as a 
result, this p — the well 2 and n — each bottom of the two slots 16 in which the field of the well 3 was formed 
independently serves as semiconductor substrate 1 surface of the element formation region on the p type well 2 
and the n type well 3. Then, thermal oxidation is given to the semiconductor substrate 1 and the about 6-10-nm- 
thick gate oxide 10 is formed in semiconductor substrate 1 surface of slot 16 pars basilaris ossis occipitalis. 
[0025]Next, as shown in drawing. 3 (b), the polycrystalline silicon film 1 1 about 0.5 micrometer thick is deposited 
with a vacuum CVD method on the semiconductor substrate 1 including the gate oxide 10 top. Next, phosphorus 
(p) is introduced into the polycrystalline silicon film 1 1 , and conductivity is given. 

[0026]Then, as shown in drawing 3 (c), the gate wire 12 which consists of the polycrystalline silicon film 11 by the 
CMP method by grinding simultaneously the polycrystalline silicon film 1 1 and the silicon oxide 6 is formed, and 
flattening of the surface of the silicon oxide 6 is carried out. It is made for the thickness of the polycrystalline 
silicon film 1 1 embedded in the slot 1 6 to be set to 0.2-0.4 micrometer. 

[0027]Next, as shown in drawing 3 (d). all over semiconductor substrate 1, by [ of anisotropy ] carrying out dry 
etching, the silicon oxide 6 is made to remain in the slot A, and the element isolation structure 7 which consists of 
the silicon oxide 6 is formed by this etching. Then, in order to form the LDD region of a transistor, the ion 
implantation of phosphorus (P) and the boron (B) is carried out to n **CHANERU field and p **CHANERU field, 
respectively (not shown). 

[0028]Then, after depositing the 200-nm-thick silicon oxide 13 with a vacuum CVD method, the side wall oxide 
film 13 which consists of the silicon oxide 13 is formed by performing dry etching of anisotropy all over 
semiconductor substrate 1. 

[0029]The source drain area 14 of the transistor of an n-type channel and the source drain area 15 of the 
transistor of a p type channel are formed by performing a publicly known ion implantation and heat treatment after 
that. 



[0030]After the manufacturing method of the semiconductor device concerning a 1st embodiment of this invention 
forms the shallow slot A for trench isolation in the semiconductor substrate 1, it forms the silicon oxide 6 all over 
semiconductor substrate 1, and is filled up with the silicon oxide 6 in the slot A. 

[0031]Then, the silicon oxide 6 is ground with chemical machinery grinding method (CMP). This polish is performed 
until the surface of the semiconductor substrate 1 is exposed, and it makes the silicon oxide 7 remain only in the 
slot A. 

[0032]Then, after forming the opening B in the silicon nitride film 9 which serves as a formation area of a gate 
electrode after depositing the oxidizing film 8 and the silicon nitride film 9 one by one on the semiconductor 
substrate 1 and giving thermal oxidation all over semiconductor substrate 1, the polycrystalline silicon film 11 is 
deposited so that the opening B may be embedded. Next, by the CMP method, the polycrystalline silicon film 1 1 is 
ground until the silicon nitride film 9 is exposed, and gate electrode 12 shape which consists of the polycrystalline 
silicon film 1 1 is formed in the opening B. 

[0033] By removing the silicon nitride film 9 by the wet etching method using a heat phosphoric acid solution after 
an appropriate time, Since there are no problems, such as an etch residue of the silicon nitride film in the step 
part of the element active region (active region) and field region like before, by using the shallow trench separation 
method for the isolation technique, the etching residue at the time of Oba etching of a silicon nitride film does not 
arise. Therefore, the threshold of the Field transistor formed parasitically is not reduced. Variation in gate wire 
width is not produced and abnormalities, such as vena contracta of sectional shape or a taper, are not produced, 
either. 

[0034]The manufacturing method of the semiconductor device concerning a 2nd embodiment forms the slot used 
as a shallow trench separation layer in the semiconductor substrate 1. The silicon oxide 6 is formed all over 
semiconductor substrate 1, and Mizouchi is filled up with the silicon oxide 6. The slot 16 for gate wires is formed in 
the silicon oxide 6 with photolithography technique and etching technology. Then, the oxide film 6 of said slot 16 
pars basilaris ossis occipitalis is washed and removed. 

[0035]After forming the gate oxide 1 0 in semiconductor substrate 1 surface of slot 1 6 pars basilaris ossis 
occipitalis by giving thermal oxidation to the semiconductor substrate 1, the polycrystalline silicon film 11 is 
deposited so that an opening may be embedded. Next, by the CMP method, the polycrystalline silicon film 1 1 is 
ground until the silicon oxide 6 is exposed, and gate electrode 12 shape which consists of the polycrystalline 
silicon film 11 is formed in an opening. Then, the element isolation structure 7 which consists of the silicon oxide 6 
is formed by carrying out etchback of the silicon oxide. Next, the etching residue at the time of Oba etching of a 
silicon nitride film does not arise by using the shallow trench separation method for the isolation technique. 
[0036]Therefore, the threshold of the Field transistor formed parasitically is not reduced. The variation in gate wire 
width does not arise and abnormalities, such as vena contracta of sectional shape or a taper, are not produced, 
either. Since an embedding gate wire is formed and the element isolation structure 7 is formed using the silicon 
oxide 6, it becomes possible to simplify the manufacturing process number of embedding gate wire formation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is manufacturing process drawing of longitudinal section showing the manufacturing method of the 
semiconductor device concerning a 1 st embodiment of this invention. 

[Drawing 2]It is manufacturing process drawing of longitudinal section showing the manufacturing method of the 
semiconductor device concerning a 1 st embodiment of this invention. 

[Drawing 3jlt is manufacturing process drawing of longitudinal section showing the manufacturing method of the 
semiconductor device concerning a 2nd embodiment of this invention. 
[Description of Notations] 

1 Semiconductor substrate 

2 P type well 

3 N type well 

4 Oxidizing film 

5 Resist 

6, 7 silicon oxide 

8 Oxidizing film 

9 Silicon nitride film 

10 Gate oxide 

11, 12 polycrystalline silicon films 

13 Side wall oxide film 

14 and 15 Source drain 
16 Slot 
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